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Description 

Technical Field 

5 [0001] The present invention relates to a friction stir welding apparatus for welding an object by a friction stir welding 
and nnore particularly to a friction stirwelding apparatus suitably used for welding an object by aspot friction stir welding. 

Background Art 

10 [0002] Fig. 25 is a drawing showing a friction stir welding apparatus 1 of the conventional art, The friction stir welding 
apparatus 1 includes a welding device 2 perfornning a welding operation and an arm 3 connected to the welding device 
2 for positioning the welding device 2 for an object 4 to be welded. The welding device 2 is equipped with a tool holding 
jig 7 installed rotatably about a reference axis L1 and nnovably along the reference axis L1 , a rotation motor for rotating 
the tool holding jig 7, and a displacement motor for moving the tool holding jig 7 along the reference axis L1 . On the 

15 tool holding jig 7, a columnar welding tool 5 is mounted. The arm 3 may be made by a multi-joint robot and a tip 6 of 
the arm 3 is connected to the welding device 2. 

[0003] The conventional friction stir welding apparatus 1 moves the welding device 2 toward the object 4 by the arm 
3. Next, the apparatus 1 operates the welding tool 5 mounted to the tool holding jig 7 to rotate and make contact with 
the object 4. By doing this, frictional heat is generated in the object 4. The friction stir welding apparatus 1 makes the 
20 object 4 fluid by the frictional heat, stirs the object 4, and mixes and welds the boundary parts of two members 4a and 
4b constituting the object 4 to be welded. 

[0004] The aforementioned welding method using frictional heat is called friction stirwelding (abbreviated to "FSW"). 
[0005] Conventionally, an object to be welded by the friction stir welding is a large object. Therefore, without moving 
a large object 4, it is welded by moving the welding device 2 by the arm 3. 

25 [0006] The welding device 2 includes a rotation motor and a pressure motor. Therefore, the weight thereof is large 
such as about 1 20 kg. The arm 3 must be highly rigid in order to support the welding device 2. Further, when the moving 
distance of the welding device 2 is long, the arm 3 must be long. As mentioned above, in the friction stir welding 
apparatus 1 , it is required to make the arm long and highly rigid, thus the necessary space occupied by the arm 3 is 
wider than that occupied by the welding device 2. Therefore, a problem arises that the structure becomes inevitably 

30 large. Further, in the friction stir welding apparatus 1 , a moving space for the welding device 2 to move to the object 4 
is required, so that a problem arises that a sufficiently large space for installation is necessary. 
[0007] Further, the whole structure of the friction stir welding apparatus is complicated due to the arm 3, thereby, a 
problem arises that the maintenance and adjustment are difficult. Further, according to the shape of the object 4, an 
operator should perform both the teaching operation and the exchange operation of a welding tool, thereby, a problem 

35 arises that the workability is lowered. 

[0008] Therefore, the present invention is intended to provide a friction stirwelding apparatus which has a simple 
constitution and a good operability, and can be miniaturized. 

Disclosure of Invention 

40 

[0009] The friction stirwelding apparatus of the present invention comprises: a base fixed at a predetermine position; 
a tool holding jig to which a welding tool is mounted, the tool holding jig being installed on the base rotatably about a 
reference axis and movably along the reference axis; tool rotation driving means for rotating the tool holding jig about 
the reference axis; and tool movement driving means for moving the tool holding jig along the reference axis. 

45 [0010] According to the present invention, an object to be welded is positioned on the base fixed at the predetermined 
position and the welding tool is mounted on the tool holding jig. In this state, the holding jig is rotated about the reference 
axis and moved along the reference axis. The welding tool mounted on the tool holding jig is driven together with the 
tool holding jig, thus the welding tool rotates and makes contact with the object to be welded. By doing this, frictional 
heat is generated on the object to be welded, and the object is made fluid, and the welding tool is buried in the object. 

50 When the welding tool is buried up to the neighborhood of the respective boundary parts of a plurality of members 
constituting the object to be welded, the fluid boundary parts can be respectively stirred and mixed. By doing this, the 
plurality of members constituting the object to be welded can be welded to each other 

[0011] When the base is fixed and the object to be welded is positioned on the base like this, the aforementioned 
arm which is necessary in the conventional art becomes unnecessary. By doing this, the apparatus can be miniaturized, 
55 and the structure thereof can be simplified, thus the manufacturing cost can be reduced. Further, the base does not 
move so that the installation space can be made smaller. 

[0012] As mentioned above, a friction stir welding apparatus which is inexpensive and occupies only a small instal- 
lation space can be structured, so that even a user who is short of funds and has only a small installation space such 
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as a small and medium-sized enterprise can introduce the friction stir welding apparatus. 

[0013] Further, since the base is fixed, the teaching operation of adjusting the moving position of the base is not 
required and the exchange operation of the welding tool can performed easily. By doing this, the friction stir welding 
apparatus, even when object to be welded are low-volume and high-variety products, can prevent the workability from 
5 lowering. Further, vibration of the tool holding jig, which could be caused when the base is moved, can be eliminated. 
Further, for example, an operator positions an object to be welded, thereby can weld the object at any optional position, 
can easily change the welding position according to the object to be welded, and can flexibly respond according to the 
object to be welded. 

[0014] Further, as long as the tool rotation driving means and the tool movement driving means transfer drive force 
10 to the tool holding jig, there is no need to install all of the tool rotation driving means and the tool movement driving 
means on the base. Therefore, a part of the tool rotation driving means and the tool movement driving means can be 
installed separately from the base, thus they can be designed easily. Further, the base is fixed without moving, so that 
there is a little limit to the designed weight. 

[0015] Further, it is preferable that the friction stir welding apparatus of the present invention further comprises po- 
15 sitioning means, which is installed on the base, for positioning an object to be welded with respect to the reference axis. 
[0016] According to the present invention, an object to be welded is positioned with respect to the reference axis by 
the positioning means. By doing this, the object to be positioned on the base can be prevented from displacement and 

the positioning operation of the object to be welded can be performed surely and simply. 

[0017] For example, when an object to be welded is to be moved by an operator, there is the possibility that the 
20 object is shifted from the position to be positioned. However, since the positioning means is installed, the displacement 
of the object to be welded can be prevented. By doing this, the object to be welded can be correctly positioned, and 
the time required for positioning the object to be welded can be shortened, and the number of objects to be welded 

per unit time can be increased. 

[0018] Further, in the friction stir welding apparatus of the present invention, it is preferable that the positioning means 

25 positions holding means for holding the object to be welded with respect to the base. 

[0019] According to the present invention, the holding means is positioned on the base by the positioning means, 
thus the object to be welded is positioned with respect to the reference axis. Therefore, even an object which is difficult 
to be positioned can be easily positioned by positioning in the state that it is held by the holding means. 
[0020] Further, when the welding operation is performed in the state that the object to be welded is held, the object 

30 can be prevented from shifting, displacing and defonning during welding. By doing this, the welding quality of the object 
can be improved. 

[0021] Further, when the welding tool rotates and makes contact with the object to be welded, force for moving the 
object is applied and there is the possibility that the object may be raised to high temperature due to frictional heat. 
When the welding operation is performed in the state that the object is held by the holding means, the operator himself 
35 does not need to hold the object to be welded. By doing this, the danger of contact of the operator himself with the 
rotation tool during rotation is eliminated, thus the safety can be improved. Further, even when it is difficult for the 
operator himself to hold the object to be welded, the operator himself does not need to hold the object by the holding 
means and the convenience can be enhanced. 

[0022] Further, it is preferable that the friction stirwelding apparatus of the present invention furthercomprises holding 

40 means, which is installed on the base, for holding an object to be welded. 

[0023] According to the present invention, the welding operation is performed in the state that an object to be welded 
is held by the holding means installed on the base. The holding means installed on the base holds the object to be 
welded on the base. The welding operation is performed in the state that the object to be welded is held on the base, 
thus the object can be prevented from shifting, displacing and deforming during welding. By doing this, the welding 

45 quality of the welded part can be improved. 

[0024] Further, when the welding tool rotates and makes contact with the object to be welded, force for moving the 
object is applied and there is the possibility that the object may be raised to high temperature due to frictional heat. 
When the welding operation is performed in the state that the object to be welded is held by the holding means, the 
operator does not need to hold the object and the convenience can be enhanced. 

50 [0025] Further, in the friction stir welding apparatus of the present invention, it is preferable that the holding means 
has a backing member for supporting a part of the object located on the reference axis from a side opposite to the 
welding tool. 

[0026] According to the present invention, the welding tool rotates and makes contact with the object to be welded 
in the state that the object is supported by the backing member. Even if the part of the object on the reference axis is 
55 pressed by the welding tool, the back side part of the part pressed by the welding tool is supported by the backing 
member, so that it is prevented from deformation. By doing this, defective welding due to defomnation of the object to 
be welded can be prevented and the welding quality can be improved. 

[0027] Further, in the friction stir welding apparatus of the present invention, it is preferable that the holding means 
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comprises: a first clamping piece installed movably along the reference axis with respect to the base and the tool 
holding jig; clamping piece movement driving means for moving the first clamping piece along the reference axis; a 
second clamping piece for holding the object cooperatively with the first clamping piece, the second clamping piece 
being Installed so that the second clamping piece can move along the reference axis from a projection position pro- 

5 jecting over the backing member and a retraction position retracting with respect to the backing member; and spring 
force generation means for giving spring force toward the projection position to the second clamping piece. 
[0028] According to the present invention, In the state that an object to be welded Isarrangedon the second clamping 
piece at the projection position, the first clamping piece Is moved and driven toward the second clamping piece by the 
clamping piece driving means. By doing this, the Interval between the first clamping piece and the second clamping 

10 piece is narrowed and the first clamping piece makes contact with the object to be welded. Furthermore, when the first 
clamping piece is moved and driven toward the backing member against the spring force given to the second clamping 
piece, the object to be welded can be clamped by the first clamping piece and second clamping piece. 
[0029] In the state that the object to be welded is clamped by the first and second clamping pieces, the first clamping 
piece is additionally moved toward the backing member, thus the object to be welded can be moved toward the backing 

15 member and the object can be supported by the backing member. 

[0030] In the state that the object to be welded is clamped by the first and second clamping pieces like this, when 
the welding operation is performed, the welding operation can be perfomned In the state that the object to be welded 
is held. Further, when the object to be welded is supported by the backing member, the welding operation can be 
performed in the state that the object to be welded is prevented from deformation. By doing this, the object to be welded 

20 can be prevented from deformation and displacement during welding and the welding quality can be Improved. Further, 
when the welding is finished, the clamping piece driving means Is operated so as to separate the first clamping piece 
from the object, thus the first clamping piece is separated from the second clamping piece, and the object can be easily 
released from the holding state. The holding and release of the object can be easily switched like this and the welding 
operation can be performed in a short time. 

25 [0031] Further, In the friction stir welding apparatus of the present Invention, it Is preferable that the first clamping 
piece is formed so that a center axis thereof is coaxially with the reference axis; the second clamping piece is formed 
so that a center axis thereof is coaxially with the reference axis; and the object is clamped by an end face of the first 
clamping piece and an end face of the second clamping piece. 

[0032] Further, It is preferable that the first clamping piece and the second clamping piece are formed in a cylindrical 
30 or hollow shape, respectively. 

[0033] Further, in the friction stir welding apparatus of the present invention, it is preferable that the backing member 
is installed movably along the reference axis; and backing member movement driving means for moving the backing 
member along the reference axis Is Installed In place of the tool movement driving means. 

35 Brief Description of Drawings 

[0034] 

Fig, 1 is a perspective view showing the friction stir welding apparatus as an embodiment of the present invention, 
40 Fig, 2 is a drawing schematically showing the stir welding operation using the friction stir welding apparatus shown 

in Fig. 1 . 

Fig. 3 is a block diagram showing the electrical constitution of the friction stir welding apparatus shown in Fig. 1 . 
Fig. 4 Is a flow chart showing the operation procedure of the control means of the friction stir welding apparatus 
shown in Fig, 1 . 

45 Fig. 5 is a flow chart showing the operation procedure of the control means of the welding operation of the friction 

stir welding apparatus shown in Fig. 1. 

Figs. 6A and 6B are sectional views for explaining the procedure of the welding operation of the friction stir welding 
apparatus shown in Fig. 1 . 

Figs. 7A, 7B, and 7C are sectional views for explaining the procedure of the welding operation of the friction stir 
50 welding apparatus shown In Fig. 1 . 

Fig. 8 Is a flow chart showing the operation procedure of the control means of the welding position confirmation 

operation of the friction stir welding apparatus shown in Fig. 1 . 

Fig. 9 is a drawing showing another operation configuration of the friction stir welding apparatus shown in Fig. 1 . 
Fig. 10 Is a drawing showing still another operation configuration of the friction stir welding apparatus shown In 
55 Fig. 1 . 

Fig. 11 is a side view showing the friction stir welding apparatus of another embodiment of the present invention. 

Fig, 12 is a plan view showing the friction stir welding apparatus shown in Fig, 11 . 

Fig. 1 3 is a perspective view showing the friction stir welding apparatus of still another embodiment of the present 
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invention. 

Fig. 14 is a perspective view showing the holding jig nnounted on the friction stir welding apparatus shown in Fig. 1 3. 
Fig. 15 is a perspective view showing another example of the holding jig mounted on the friction stir welding 
apparatus shown in Fig. 13. 
5 Fig. 1 6 is a perspective view showing the clamping part of the holding jig shown in Fig. 1 5. 

Fig. 1 7 is a perspective view showing the friction stir welding apparatus shown in Fig. 1 3 in the state that the holding 
jig shown in Fig. 15 is mounted. 

Fig. 1 8 is a sectional view viewed from the section line S-S shown in Fig. 1 7. 

Fig. 1 9 is a perspective view showing still another example of the holding jig mounted on the friction stir welding 
10 apparatus shown in Fig. 13. 

Fig. 20 is a perspective view showing the friction stir welding apparatus of a further embodiment of the present 
invention. 

Fig. 21 is a sectional view showing the enlarged neighborhood of the table of the friction stir welding apparatus 
shown in Fig. 20. 

15 Figs. 22A, 22B, and 22C are sectional views showing the operation of the holding means shown in Fig. 21 . 

Figs. 23A and 23B are sectional views showing the holding means of a comparison example different from the 
embodiment of the present invention. 

Fig. 24 is a block diagram showing the electrical constitution of the friction stir welding apparatus as a modification 
of the aforementioned embodiment. 
20 Fig. 25 is a drawing showing the friction stir welding apparatus of the prior art. 

Best Mode for Carrying Out the Invention 

[0035] A friction stir welding apparatus 20 as an embodiment of the present invention which are shown in Figs. 1 
25 and 2, in the state that an object to be welded 22 is positioned on a base 23 by an operator, is an apparatus of frictionally 

stirring and welding the object 22, which is particularly used in spot welding. For example, the friction stir welding 
apparatus 20 is used to manufacture thin and medium-thin aluminum products and it is used to manufacture car bodies, 
boxes, design structures, and other stacked objects to be welded. 

[0036] The friction stir welding apparatus 20 makes a columnar welding tool 21 rotate and come into contact with 
30 the object 22, presses the same against the object 22, and causes frictional heat between the welding tool 21 and the 
object 22. Next, the friction stir welding apparatus 20 makes the object 22 fluid by frictional heat and buries the welding 
tool 21 into the object 22. The welding tool 21 is buried up to the neighborhood of the respective boundary parts of a 
plurality of members 22a and 22b to be welded constituting the object 22. In this state, the welding tool stirs the fluid 
object 22, thereby mixes the boundary parts of the members 22a and 22b, and welds the members 22a and 22b to 
35 each other 

[0037] The base 23 of the friction stir welding apparatus 20 is installed in a predetermined position. The base 23 
includes a head 24 for installing a tool holding jig 29 on which the welding tool 21 is removably mounted, a table 25 
installed opposite to the head 24 at some interval, a column 26 for supporting both the head 24 and the table 25, and 
a base part 27 connected to the column 26 and fixed at the installation position. 
40 [0038] According to this embodiment, the base part 27 is fixed to the installation part of a floor 30 which is a fixed 
position. Further, the column 26 is extended from the base part 27 upward vertically. Further, the head 24 and the table 
25 are projected horizontally from the column 26. 

[0039] The tool holding jig 29 installed in the head 24 is installed rotatably about a predetermined reference axis L1 
and is installed movablly and drivably along the reference axis L1 . For example, the predetermined reference axis LI 

45 is extended vertically and passes the center axis of the tool holding jig 29. The head 24 has a drive force transfer 
mechanism for driving the tool holding jig 29 and drive force from a tool rotation driving means 34 (Fig. 3) and a tool 
movement driving means 35 (Fig. 3), which will be described later, is given to the tool holding jig 29. 
[0040] The table 25 has an opposing face 31 which is perpendicular to the reference axis LI and opposite to the tool 
holding jig 29. Further, in the table 25, a backing member 32 projecting from the opposing face 31 toward the tool 

50 holding jig 29 is formed. The backing member 32, for example, is formed in a cylindrical shape and the center axis 
thereof is arranged coaxially with the reference axis LI . 

[0041 ] On the friction stir welding apparatus 20, the tool rotation driving means 34 for rotating the tool holding jig 29 
about the reference axis LI and the tool movement driving means 35 for moving the tool holding jig 29 along the 
reference axis LI are installed. In this embodiment, the driving means 34 and 35 are built in the base 23, and for 
55 example, they are made so as to include a servo motor. The driving means 34 and 35 drive the tool holding jig 29 via 
a drive force transfer mechanism installed in the head 24. 

[0042] Further, the friction stir welding apparatus 20 is equipped with a controller 38 including an input unit 36 for 
inputting welding conditions for frictional stirring and welding and a display unit 37 for displaying the welding conditions 
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and an operation pedal 39 for outputting a welding start instruction fronn an operator. The input unit 36 has a plurality 
of buttons 36a. The input unit 36, when the buttons 36a are operated, outputs conditions given by the operator. 
[0043] The controller 38 is installed in a position where an operator can easily operate and recognize. For example, 
the controller 38 is installed in the neighborhood of the base 23 and when he Is to perform the welding operation, it is 
5 installed within his reach when he stretches his arnn during his welding operation and at a position away from the 
displacement area of the welding tool 29 where there is no danger even if he operates the input unit 36 during his 
welding operation. 

[0044] Further, the controller 38 has an indicating means 45 for indicating the operation state of the friction stir welding 
apparatus. The indicating means 45, for example, includes an end lamp 42 lighting when the welding operation ends, 
10 an error lamp 43 lighting when a welding operation error is caused, and a speaker 44 sounding the welding operation 
state. 

[0045] Further, the operation pedal 39 has a bottom 40 installed on the floor 30 and a plate-shaped foot-operated 

lever 41 installed vertically movably. The foot-operated lever 41 is given spring force applied upward by a spring. The 
operation pedal 39, when the foot-operated lever 41 is stepped on by an operator and is moved downward, outputs a 
^5 welding start instruction signal. Further, when he releases his foot from the foot-operated lever 41 , it is moved upward 
and the welding start instruction signal is outputted. 

[0046] Fig. 3 is a block diagram showing the electrical constitution of the friction stir welding apparatus 20. The friction 
stir welding apparatus 20 additionally has a control means 46 for controlling the respective means constituting the 
friction stir welding apparatus 20. 

20 [0047] The tool rotation driving means 34, on the basis of a signal given from the control means 46, decides the 
rotational speed and rotational time and rotates the tool holding jig 29. Further, the tool rotation driving means 34 
detects load torque necessary to rotate the tool holding jig 29 at a predetemnined rotational speed and gives a signal 
indicating the load torque to the control means 46. The load torque is obtained, for example, on the basis of a load 
current flowing in the rotation motor constituting the tool rotation driving means 34. Further, the tool rotation driving 

25 means 34 may give a signal indicating the state under welding, for example, the rotational speed to the control means 
46. The control means 4 may give the rotational speed during the welding operation and the load torque to the display 
unit 37 to display the values. 

[0048] The tool movement driving means 35, on the basis of a signal given from the control means 46, decides the 
moving speed and moving time and moves the tool holding jig 29. Further, the tool movement driving means 35 detects 

30 load torque necessary to move the tool holding jig 29 at a predetemnined moving speed and gives a signal indicating 
the load torque to the control means 46. The load torque is obtained, for example, on the basis of a load current flowing 
in the movement motor constituting the tool movement driving means 35. Further, the tool movement driving means 
35 may give a signal indicating the state under welding, for example, the moving speed to the control means 46. The 
control means 4 may give the moving speed during the welding operation and the load torque to the display unit 37 to 

35 display the values. 

[0049] The input unit 36 outputs the welding conditions relating to the friction stir welding operation inputted from the 
operator and gives it to the control means 46. Further, the control means 46 gives the welding conditions to the display 
unit 37 to display them. Tables 1 and 2 indicate examples of the welding conditions. 

40 [Table 1] 





Welding time (s) 


Pressure(N) 


Rotational Speed (rpm) 


1st stage condition 


0.5 


4000 


3000 


2nd stage condition 


1.0 


3500 


2500 


3rd stage condition 


0.3 


2000 


3000 



[Table 2] 





Welding time (s) 


Descending Speed (m/s) 


Rotational Speed (rpm) 


1st stage condition 


0.5 


5.0 


3000 


2nd stage condition 


1.0 


0.5 


2500 


3rd stage condition 


0.3 


0.0 


3000 



[0050] For example, as indicated in Table 1 , the welding conditions include three conditions such as welding time, 
pressure, and rotational speed. Further, as indicated in Table 2, in place of the pressure, the descending speed of the 
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tool holding jig 29 may be defined as a condition. 

[0051] Tfie welding time is the time required for the tool holding jig 29 to rotate at a preset pressure or descending 
speed and a preset rotational speed. The pressure is the pressure for pressing the tool holding jig 29 toward the backing 
member 32 and the descending speed is the speed of the tool holding jig 29 moving toward the backing member 32. 
5 The rotational speed is the speed of the tool holding jig 29 to rotate about the axis and for example, it is set by the 
number of revolutions per minute. 

[0052] As indicated in Tables 1 and 2, the welding conditions can be at a multistage. Namely, in the course of time, 
the pressure, descending speed, and rotational speed can be set changeably. 

[0053] Further, after welding, the speed of the tool holding jig 29 to separate from the object 22 and the rotational 

10 speed at that time may be input. 

[0054] Table 3 shows an example of the plate thickness of the object to be welded 22. Further, the plate thickness 
of the object 22 may be inputted from the input unit 36 to the control means 46. As conditions of the object to be welded 
22, for example, when three members are to be welded, the thickness of the upper plate on the side of the tool holding 
jig 29, the thickness of the medium plate neighboring the upper plate on the side of the backing member 32, and the 

15 thickness of the lower plate neighboring the medium plate on the side of the backing member 32 may be inputted to 
set the total plate thickness of the object to be welded 22. However, the number of members constituting the object 
22 is not limited to three and the total plate thickness of the object 22 is set according to the number of members. 



[Table 3] 



20 


Object to be welded 


Upper plate 
thickness (mm) 


IVIedium plate 
thickness (mm) 


Lower plate 
thickness (mm) 


Total plate thickness 
(mm) 






1.0 


1.2 


1.2 


3.4 



25 [0055] Table 4 indicates the pin shape of the welding tool 21. Further, the shape of the welding tool 21 may be inputted 
from the input unit 36 to the control means 46. For example, the welding tool 21 , as shown in Figs. 6A and 6B, has a 
tool body 50, which is formed in a columnar shape and has a flat shoulder face 52 at its end, and a columnar pin 51 

projected from the shoulder face 52. The center axis of the tool body 50 and the center axis of the pin 51 are positioned 
coaxially. Table 4 indicates the pin shape of the welding tool 21 . For example, the pin length and pin diameter of the 
30 welding tool 21 as indicated in the table are set. 



[Table 4] 



Welding tool conditions 


Pin length (mm) 


Pin diameter (mm) 




2.5 


3.0 



[0056] The control means 46 may have a memory for storing the welding conditions. For example, any of a plurality 
of welding conditions stored in the memory beforehand is selected by an operator and on the basis of the selected 
welding condition, the control means 46 may control the other respective means. 

40 [0057] Further, the operation pedal 39 outputs a welding start instruction signal and welding stop instruction signal 
to the control means 46. The control means 46, on the basis of the signals given from the operation pedal 39 and 
signals given from the tool driving means 34 and 35, controls the indicating means 45. Concretely, the control means 
46 turns on and off the end lamp 42 and the error lamp 43 and sounds the operation state from the speaker 44. 
[0058] Fig. 4 is a flow chart showing the operation procedure of the control means 46. When the preparations for 

45 friction stir welding, such as mounting the welding tool 21 to the tool holding jig 29, are set up, the control means 46 
goes to Step a1 and starts the operation, 

[0059] At Step a1 , the control means 46 is given the conditions for friction stir welding from the input unit 36. The 
control means 46 generates instruction signals for operating the tool rotation driving means 34 and the tool movement 
driving means 35 according to the welding conditions and goes to Step a2. 
50 [0060] At Step a2, the control means 46 judges whether a welding start instruction signal is given from the operation 
pedal 39 or not. When the welding start instruction signal is given, the control means 46 judges that the operator is 
ready for operation and goes to Step a3. 

[0061] At Step a3, the control means 46 gives a signal generated according to the welding conditions to the tool 
rotation driving means 34 and the tool movement driving means 35, starts the welding operation by the driving means 
55 34 and 35, and goes to Step a4. 

[0062] At Step a4, the control means 46 judges whether a welding stop instruction signal is given from the operation 
pedal 39 or not. When the welding stop instruction signal is given, the control means 46 judges that the operator is 
separated from the neighborhood of the apparatus and goes to Step a1 0. Further, when the welding stop instruction 
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signal is not given, the control nneans 46 goes to Step a5. 

[0063] At Step a5, tine control nneans 46, on the basis of the set welding operation tinne, judges whether the welding 
operation is finished or not. When the control means 46 judges that the welding operation is not finished, it goes to 
Step a4. 

5 [0064] The control nneans 46, until it judges that the welding operation is completed, repeats Steps a4 and a5 and 
when it judges that the welding operation is completed, it goes to Step a6. 

[0065] At Step a6, the control means 46 controls the end lamp 42 so as to light and goes to Step a7. 
[0066] At Step a7, when the welding stop instruction signal is given from the operation pedal 39, the control means 
46 judges that the operator finishes the welding operation and goes to a8. 
10 [0067] At Step a8, the control nneans 46 controls the end lamp 42 so as to go out. When the end lamp 42 goes out, 
the control means goes to Step a9. 

[0068] At Step a9, the control means 46 ends the operation. 

[0069] Further, at Step a4, when the welding stop instruction signal is given from the operation pedal 39 during the 
welding operation, the control means 46 judges that the operator is separated from the neighborhood of the apparatus 
^5 and goes to Step a1 0. At Step a1 0, the control means 46 gives a signal indicating emergency stop to the tool rotation 
driving means 34 and the tool movement driving means 35, stops the tool holding jig 29 in an emergency, and goes 
to Step a11. 

[0070] At Step a11 , the control means 46 controls the error lamp 43 so as to light and goes to Sep a12. 
[0071] At Step a12, to move the tool holding jig 29 to the initial position, the control means 46 gives a drive signal 
20 to the tool rotation driving means 34 and the tool movement driving means 35, moves the welding tool 21 to the initial 
position, and goes to Step a13. 

[0072] At Step a1 3, the control means 46 controls the error lamp 43 so as to go out. When the error lamp 43 goes 
out, the control means goes to Step a9, 
[0073] At Step a9, the control means 46 ends the operation. 
25 [0074] Fig. 5 is a flow chart showing the operation procedure of the control means of the welding operation. Further 

Figs. 6A and 6B and Figs. 7A, 73, and 7C are sectional views for explaining the procedure of the friction stir welding 
operation and the operation proceeds in the order of Figs. 6A, 6B, 7A, 7B, and 7C. 

[0075] The control means 46 instructs start of the welding operation at Step a3 aforementioned and at Step a5, it 
judges whether the welding operation is finished or not. The operation during this period, that is, the operation of the 
30 control means 46 in the welding operation will be explained by referring to Figs. 6A and 68 and Figs. 7A, 78, and 7C. 
[0076] The control means 46, when it judges that the welding operation is started at Step bO, goes to Step b1 and 
starts the welding operation. 

[0077] At Step b1 , on the basis of the welding conditions, the control means 46 gives a signal to the tool rotation 
driving means 34 so as to rotate the tool holding jig 29. The control means 46 rotates the tool holding jig 29 and goes 
35 to Step b2. 

[0078] At Step b2, on the basis of the welding conditions, the control means 46 gives a signal to the tool movement 
driving means 35 so as to bring the tool holding jig 29 close to the backing member 32. The control means 46, when 
the tool holding jig 29 is moved, as shown in Fig. 6A, moves the welding tool 21 toward the object to be welded 22 in 
the state that it is rotated and goes to Step b3. 

40 [0079] At Step b3, as shown in Fig. 68, at the time when the end of the welding tool 21 mounted on the tool holding 
jig 29 is presumed to make contact with the object 22, or when the end of the welding tool 21 is presumed to reach 
the position where the end of the welding tool 21 makes contact with the object 22, the control means 46 judges whether 
the object 22 and the end of the pin 51 of the welding tool 21 make contact with each other or not. 
[0080] For example, the control means 46, on the basis of the welding conditions, calculates the time or displacement 

45 position where it is presumed that the welding tool will make contact with the object to be welded 22. Further, the control 
means 46, on the basis of a signal indicating the load torque of the driving means 34 and 35, judges that the object 
22 and the welding tool 21 make contact with each other Further, the control means 46 may judge the contact state 
on the basis of a signal given from a contact sensor for judging that the object 22 and the welding tool 21 make contact 
with each other The control means 46 goes to Step b4 when it judges that the welding tool 21 makes contact with the 

50 object 22. 

[0081] At Step b4, on the basis of the welding conditions, the control means 46 operates the tool rotation driving 
means 34 and the tool movement driving means 35. The control means 46, on the basis of the welding conditions, 
gives a signal to the tool driving means 34 and 35 and buries the welding tool 21 into the object 22. 
[0082] As shown in Fig. 7A, the welding tool 21 rotates while making contact with the object 22, thereby generates 
55 friction heat. The welding tool 21 forms a fluid part 53 in the object 22 by making it fluid by frictional heat. The welding 
tool 21 forces its way through the fluid part 53, moves toward the backing member 32, and is buried into the object 22. 
[0083] The control means 46, for example, on the basis of the welding conditions given in Table 1 , gives a signal 
respectively to the driving means 34 and 35, and when the welding tool 21 is buried up to a predetermined position, 
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pressurizes the welding tool 21 at a predetermined pressure in the state that the welding tool 21 is rotated, and stirs 
the fluid part 53 fornned in the object 22 around the welding tool 21 . 

[0084] The control nneans 46, for example, on the basis of the welding conditions given in Table 2, gives a signal 
respectively to the driving means 34 and 35, and when the welding tool 21 is buried up to a predetermined position, 
5 stops the movement in the state that the welding tool 21 is rotated, and stirs the fluid part 53 formed in the object 22 
around the welding tool 21 . 

[0085] Concretely, as shown in Fig. 7B, when the pin 51 reaches up to the neighborhoods of the respective boundary 
parts of the member 22b nearest to the bacl<ing member among the members 22a and 22b constituting the object to 
be welded 22, and of the member 22a on the opposite side to the backing member 32, the control means 46 gives a 

10 predetermined pressure to the welding tool 21 in the state that it is rotated and stirs the fluid part 53. Or, the control 
means 46 stops the movement of the welding tool 21 in the state that it is rotated and stirs the fluid part 53. The welding 
tool 21 mixes the respective areas where the members 22a and 22b are neighboring. The control means 46, when the 
fluid part 53 is sufficiently stirred, goes to Step b5. 

[0086] At Step b5, the control means 46, on the basis of the welding conditions, gives a signal to the tool rotation 
15 driving means 34 and the tool movement driving means 35 and separates the welding tool 21 from the object 22. As 
shown in Fig. 7C, the welding tool 21 moves so as to separate from the object 22 by the tool movement driving means 

35. Thecontrol means 46, when it judges thatthe welding tool 21 moves up to a predetermined position, goes to Step b6. 
[0087] At Step b6, the control means 46 gives a signal to the tool rotation driving means 34, stops the rotation of the 
welding tool 21 , and goes to Step b7. 

20 [0088] At Step b7, the control means 46 finishes the operation relating to the welding operation. 

[0089] At Step b3, the control means 46, when it judges that the welding tool 21 is not in contact with the object 22, 
goes to Step b8. At Step bS, the control means 46 controls the error lamp 43 so as to light and goes to Step b9. At 
Step b9, the control means 46 gives a signal to the tool rotation driving means 34 and the tool movement driving means 
35 and moves the tool holding jig 29 and the welding tool 21 respectively to preset initial positions. When the tool 

25 holding jig 29 is moved to the initial position, the control means 46 goes to Step b1 0. 

[0090] At Step b1 0, the control means 46 controls the error lamp 43 so as to go out. When the error lamp 43 goes 
out, the control means 46 goes to Step b7. At Step b7, the control means 46 finishes the operation relating to the 
welding operation. 

[0091] The control means 46, during execution of the operation relating to the welding operation, monitors an inter- 
30 ruption of a signal given from the operation pedal 39 and when a welding stop instruction signal is given from the 
operation pedal 39 during the welding operation, goes to Step alO mentioned above. Further, the aforementioned 
operation of the tool holding jig 29 by the control means 46 is decided by the welding conditions and when the welding 
conditions are changed, the operation of the control means 46 is also changed. 

[0092] Fig. 8 is a flow chart showing the operation procedure of the control means 46 of the welding position confir- 
ms mation operation. The friction stir welding apparatus, when the welding position confirmation operation is performed, 
can mal<e an operator confirm the welding position where the object 22 is to be welded. The control means 46, when 
a signal indicating execution of the welding position confirmation operation by the operator is given from the input unit 

36, goes to Step c1 and starts the operation of the control means 46 of the welding position confinnation operation. 
[0093] At Step c1 , the control means 46 gives a signal to the tool movement driving means 35 so as to bring the tool 

40 holding jig 29 close to the object 22 on the basis of the welding conditions. The control means 46, on the basis of the 
plate thickness of the object 22 and the length of the pin 51 and the tool 52, sets the movement distance of the welding 
tool 21 . When the movement of the welding tool 21 is completed, the control means 46 goes to Step c2. 
[0094] At Step c2, the control means 46 stops the welding tool 21 at the position where it is close to the object 22. 
By doing this, the operator can confirm the position where the welding tool 21 will make contact with the object 22. 

45 When a signal indicating that the operator confirms the welding position is given to the input unit, the control means 
46 goes to Step c3. 

[0095] At Step c3, the control means 46 gives a signal to the tool movement driving means 35 so as to separate the 
tool holding jig 29 from the object 22 and moves the tool holding jig 29 to the predetermined initial position. When the 
tool holding jig 29 is returned to the initial position, the control means 46 goes to Step c4 and finishes the operation. 
50 The aforementioned operation of the control means 46 is performed without the tool holding jig 29 being rotated. 
However, the tool holding jig 29 may be rotated. 

[0096] As mentioned above, in the friction stir welding apparatus 20 of this embodiment, the base 23 is fixed to the 
floor 30 and the friction stir welding apparatus 20 performs the welding operation for the object 22 in the state that it 
is positioned with respect to the reference axis LI . Therefore, there is no need to move the base 23 for the object 22 
55 and there is no need to install an amn for moving the base 23. By doing this, the constitution of the friction stir welding 
apparatus 20 can be simplified and miniaturized and an inexpensive friction stir welding apparatus 20 can be provided. 
Further, the base 23 does not move, so that the installation space can be made smaller 

[0097] As mentioned above, the friction stir welding apparatus 20 of this embodiment can be manufactured under 
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the condition of asnnall installation space and a low cost, so that the initial fund necessary for introduction of the friction 
stir welding apparatus 20 can be reduced. Therefore, even a user who is short of funds and has only a small installation 
space such as a snnall and nnedium-sized enterprise can introduce the friction stir welding apparatus 20. When the 
friction stir welding apparatus 20 is introduced and the object 22 is welded by the friction stir welding, even if a heat 

5 treatnnent alloy having no nnolten part is used, a welded object having large welding strength and having little strain 
and residual stress can be formed. Further, there is no need to use a melting material and to remove excess metal, 
thus welding can be executed easily. Further, a welded object having a part to be welded 47 whose quality is stable 
can be manufactured. Furthermore, even a material, a casting, a composite material, or a different kind of material 
which is easily cracked due to welding can be welded. 

10 [0098] Further, the operator positions the object 22 and performs the welding operation, so that even if the shape of 
the object 22 is changed, there is no need to teach the movement position of the welding apparatus unlike the con- 
ventional art. Therefore, the adjustment operation to be perfonned for every object to be welded can be reduced and 
the time required for adjustment of the friction stir welding apparatus 20 can be shortened. Particularly when the object 
22 is of low-volume and high-variety production, the adjustment time required for every object to be welded can be 

15 reduced, thus the productive efficiency can be improved. 

[0099] Further, when the object 22 is supported and held by the backing member 32, at the time of making contact 
with the welding tool 21 , the part to be welded 47 of the object 22 can be clamped by the backing member 32 and the 
welding tool 21 , and the part to be welded 47 of the object 22 can be prevented from deformation. Further, since the 
reference axis L1 is arranged vertically, the operator for positioning the object 22 may load the object 22 on the backing 

20 member 32 and during welding, thereby, the weight of the object 22 is not applied to the hands of the operator. 

[0100] Further, since the welding conditions can be input to the controller 38, the welding operation can be performed 
under different conditions for every object 22 and the welding quality can be improved. The controller is installed in the 
neighborhood of the base 23 and when an operator performs the welding operation, it is installed within his reach when 
he stretches his arm and at a position where there is no danger even if he operates the input unit 36 during his welding 

25 operation. Therefore, during the welding, he can safely input the welding conditions to the input unit 36. 

[0101] Further, when the operation pedal 39 is stepped on by an operator, the control means 46 controls so as to 
perform the welding operation, so that when he leaves the base 23, the welding operation does not proceed and a 
failure in the operatorless state can be prevented. 

[0102] Further, since the control means 46 judges whether the welding tool 21 and the object 22 make contact with 
30 each other or not, it can notify an err of positioning of the object 22. An err of positioning, for example, when the object 

22 is not held by the base 23, is a case that the welding position is a position different from a preset position. 

[0103] Further, the control means 46 can perform the welding position confirmation operation for confirming the 

welding position to weld the object 22 by an operator, so that the operator can fit the welding position accurately to the 

reference axis L1 , thus the welding position can be prevented from shifting. 
35 [01 04] Further, the operator can instruct start and end of the welding operation by the operation pedal 39, so that he 

can perform the welding operation in the state that the object 22 is held by both hands during the welding operation. 

By doing this, the object 22 can be prevented from insufficient holding and from defective welding. 

[0105] Further, since the operator is notified of the operation state by the end lamp 42, the error lamp 43, and the 

speaker 44, the operator can accurately know the operation state and the operator can be prevented from his mal- 
40 functions. 

[0106] Fig. 9 is a drawing showing another operation configuration of the friction stir welding apparatus 20. For the 
friction stir welding apparatus 20, the object to be welded 22 may not be positioned by an operator and for example, 
the object 22 may be positioned for the base 23 by a robot 600 holding the object 22. For example, when the object 
22 held by the robot 600 is to be sequentially processed by a plurality of processing devices, the object 22 can be 

45 welded in the state that it is held by the robot 600. 

[0107] Fig. 10 is a drawing showing still another operation configuration of the friction stir welding apparatus 20a, 
20b, and 20c. As shown in Fig. 10, a plurality of friction stir welding apparatuses 20a, 20b, and 20c mentioned above 
may be installed. On each of the friction stir welding apparatuses 20a, 20b, 20c, welding tools 21 a, 21 b, and 21 c in 
different shapes are mounted. Thefriction stir welding apparatuses 20a, 20b, and 20c performing the welding operation 

50 for every object 22 are selected and by the friction stir welding apparatus having a mounted welding tool according to 
the object 22, the welding operation is performed. By doing this, the labor for exchanging the welding tool 21 according 
to the object 22 is saved, thus the productive efficiency can be improved. 

[0108] Fig. 11 is a side view showing a friction stir welding apparatus 120 of another embodiment of the present 
invention and Fig. 12 is a plan view showing thefriction stir welding apparatus 120. The friction stir welding apparatus 
55 120 shown in Figs. 1 1 and 12 has the same constitution as that of the friction stir welding apparatus 20 shown in Fig. 
1 except the table, and the same reference numerals are assigned and the explanation is omitted for the same portions. 
[0109] The friction stir welding apparatus 120 includes a table 125 opposite to the head 24 at an interval. The table 
125 has a table body 125a, a backing member support part 125b, and a backing member 132. The table body 125a 
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is connected to the column 26 and is projected toward the reference axis L1 of the tool holding jig 29. On the face of 
the table body 1 25a opposite to the tool holding jig 29, the backing nnember support part 1 25b is installed. In the backing 
mennber support part 125b, a through hole 126 extending perpendicularly to the reference axis LI and in the radial 
direction of the reference axis L1 is fornned. 

5 [0110] The backing mennber 132 has a first part 133 which is formed in a cylindrical shape and extends linearly and 
a second part 134 which is connected to one end of the first part 133 so as to be bent from the first part 133 so that 
the backing member 132 forms a substantially L-shape. The second part 134 Is fit Into the through hole 126 of the 
backing member support part 125b. By doing this, the backing member 132 is supported by the backing member 
support part 125b. Further, in the first part 133, the center axis extending in the longitudinal direction thereof is arranged 

10 coaxially with the reference axis L1 and is projected from the second part 1 34 toward the tool holding jig 29. Therefore, 
the second part 134 of the backing member 132 is projected from the table body 125a toward the reference axis LI 
and the first part 133 Is projected from the second part 134 toward the tool holding jig 29. 
[01 1 1 ] Further, the base part 27 is connected removably to the floor by an anchor bolt 27a. 

[0112] During the friction stir welding, the welding operation is performed in the state that the object 22 clamped and 
15 held by an operator or a robot is supported by the first part 1 33 of the backing member 1 34. 

[01 1 3] Also in the friction stir welding apparatus 1 20 of this embodiment, the same effects as those of the friction stir 
welding apparatus 20 shown In Fig. 1 can be obtained. Furthermore, since the backing member 133 Is formed almost 
in an L-shape and is projected from the table body 125a, to position the object 22, the object 22 and the table body 
1 25a can be prevented from making contact with each other, and the table body 1 25a can be prevented from obstructing 
20 the welding operation, thus a good welding operation can be performed. 

[0114] Fig. 13 Is a perspective view showing a friction stir welding device 220 of still another embodiment of the 
present invention and Fig. 1 4 is a perspective view showing a holding jig 228 mounted on the friction stir welding device 
220. 

[01 1 5] The friction stir welding device 220 has the same constitution as that of the friction stir welding apparatus 20 
25 shown In Fig. 1 except the table, and the same reference numerals are assigned and the explanation Is omitted for 

the same portions. 

[0116] In the friction stir welding device 220, the welding operation is performed in the state that the holding jig 228 
for holding the object 22 is positioned on the table 225. 

[0117] On the base 23 of the friction stir welding device 220, a table 225 opposite to the head 24 is installed at an 
30 Interval. The table 225 has an opposing face 231 which is perpendicular to the reference axis L1 and faces the tool 
holding jig 29. Further, on the table 225, a positioning means for positioning the holding jig 228 is installed. According 
to this embodiment, the positioning means is composed of a plurality of positioning convexities 233 projecting from the 
opposing face 231 toward the tool holding jig 29. 

[0118] As shown in Fig. 14, the holding jig 228 holds the object 22. The holding jig 228 is loaded on the opposing 
35 face 231 of the table 225. In the holding jig 228, positioning concavities 280 to be fit Into the positioning convexities 
233 of the base 23 are formed. The holding jig 228 Is positioned so that the positioning concavities 280 are fit into the 
positioning convexities 233 of the base 23. 

[0119] The holding jig 228 Is loaded on the opposing face 231 and Includes a support body 250 formed In a plate 

shape, a fixed piece 251 projected from the face of the support body 250 on one side A1 in the thickness direction, 
40 and a holding part 252 having a pressing part 262 to which force toward the other side A2 in the thickness direction of 
the support body 250 is applied. 

[0120] The face of the support body 250 on one side A1 in the thickness direction Is a contact face 253 with which 
the object 22 Is to make contact. Further, the face of the support body 250 on the other side A2 In the thickness direction 
is an apparatus contact face 290 which makes contact with the opposing face 231 of the table 225. The positioning 
45 concavities 280 fitting into the plurality of positioning convexities 233 formed in the table 255 are formed in the support 
body 250. In the state that the object 22 Is arranged In the support body 250, the positioning concavities 280 are 
positioned so as to be fit into the positioning convexities 233, thus the positioning concavities 280 are formed so that 
the object 22 is positioned for the base 23. 

[0121] A plurality of fixed pieces 251 are installed. The fixed pieces 251 , when the object 22 is arranged in the position 
50 to be held on the support body 250, make contact with faces 260a and 260b of the object 22 on the side of the movement 
prevention direction B1 which Is at least one of the directions perpendicular to the thickness directions A1 and A2 of 
the support body 250. The fixing pieces 251 make contact with the object 22 to prevent the object 22 from moving In 
the movement prevention direction 81 . 

[0122] In this embodiment, each of the fixed pieces 251 Is bent and extended In an almost L-shape and Is composed 
55 of a first part 254 extending In one direction A1 of the thickness direction of the support 255 from the contact face 253 
and a second part 255 which is connected to the end of the first part 254 and extends In the direction 82 opposite to 
the movement prevention direction 81 . 

[0123] For example, when the members 22a and 22b constituting the object 22 are different in size and the faces 
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260a and 260b of the object 22 in the nnovennent prevention direction B1 are fornned in a nnulti-stage, with the face 
260b nnost projecting in the nnovennent prevention direction B1 among the nnulti-stage faces 260a and 260b, the first 
part 254 of the fixed piece 251 makes contact, and with the cave-in face 260a in the opposite direction B2 of the 
movement prevention direction B1 from the face 260b, an end face 261 , which is an end face of the second part 255 

5 and is opposite to the part extended to the first part 254, makes contact. 

[0124] Further, the holding part 252, for example, is realized by a toggle clamp. The toggle clamp includes a link 
mechanism composed of three link bars 270, 271 , and 272. The three link bars 270, 271 , and 272 are arranged so as 
to change the angle almost on the same plane. The first link bar 270 and second link bar 271 are arranged so as to 
change the angle at one ends 270a and 271 a and arranged so as to mutually cross. In the third link bar 272, both ends 

10 272a and 272b are connected to medium parts 270b and 271 b of the first and second link bars 270 and 271 in the 
longitudinal direction so as to change the angle. When the second link bar 271 changes the angle about the one end 
271a, the first link bar 270 intersecting it orthogonally changes the angle in the same direction as the angle changing 
direction of the second link bar 271 . 

[01 25] The first link bar 270 is arranged almost perpendicularly to the thickness directions A1 and A2 and is formed 
15 with the pressing part 262 at its free end. The pressing part 262 is arranged facing to the portion surrounding the part 
to be welded 47 where the object 22 is to be welded. The pressing part 262 is formed, for example, in a C shape and 
faces on the peripheral part of the object 22 in the peripheral direction around the part to be welded 47. Further, the 
first link bar 270 has a connected spring 273 and spring force for moving the pressing part 262 in the other thickness 
direction A2 is given by the spring 273. Further, the second link bar 271 is arranged almost perpendicularly to the 
20 thickness directions A1 and A2 and a holding part 281 for an operator to hold the second link bar 271 is installed at 
the free end part. 

[0126] The holding part 281 is arranged at the position in the neighborhood of the pressing part 262 by the spring 
273 in the natural state. The operator holds the holding part 281 and changes the angle of the second link bar 271 in 
the direction to separate the pressing part 262 from the support body 250, thus the pressing part 262 is separated from 

25 the support body 250 and a gap for making the object 22 contact with the support body 250 is formed. 

[01 27] The object 22 is made contact with the contact face 253 of the support body 250 by the operator. The object 
22, in the state in contact with the contact face 253 of the support body 250, is moved in the movement prevention 
direction B1 toward the fixed piece 251 and the object 22 makes contact with the fixed piece 251 so as to be positioned. 
[0128] In this state, the operator moves the holding part 281 in the direction to bring it close to the support body 250. 

30 The pressing part 262 approaches the support body 250 by the elastic recovery force of the spring 273. The pressing 
part 262 presses the object 22 in the other thickness direction A2 and the object 22 is clamped and held by the pressing 
part 262 and the support body 250. 

[0129] In the state that the object 22 is held, the holding jig 228 is positioned so as to fit the positioning concavities 
280 of the holding jig 282 into the positioning convexities 233 of the base 23. By doing this, the object 22, which is held 

35 by the holding jig 228, can be positioned to the base 23. 

[0130] Also in the friction stir welding device 220 in this embodiment, the same effects as those of the friction stir 
welding apparatus 20 shown in Fig. 1 can be obtained. Furthermore, sincethe positioning concavities 280 of the holding 
jig 282 are fit into the plurality of positioning convexities 233, when the operator moves and positions the object 22 to 
the base 23, the object 22 can be prevented from shifting. By doing this, the time required to adjust the position of the 

40 object 22 to the base 23 can be shortened and the number of objects 22 to be welded per unit time can be increased. 
[0131] Further, the holding jig 228 for holding the object 22 is positioned to the base 23, thus the welding operation 
can be performed in the state that the object 22 to be positioned to the reference axis LI is held. The welding operation 
is performed in the state that the object 22 is held, thus the object 22 can be prevented from shifting, movement, and 
deformation during welding. By doing this, the welding quality of the object 22 can be improved. 

45 [01 32] Further, when the welding tool 21 is to rotate and make contact with the object 22, there is the possibility that 
force to move the object 22 may be applied and the object 22 may be raised to high temperature by frictional heat. 
The welding operation is performed in the state that the holding jig 228 holds the object 22, thus the operator himself 
does not need to hold the object 22 and the convenience is enhanced. 

[0133] Further, in the holding jig 228, the fixed pieces 251 are formed in an almost L shape, so that even when the 
50 plurality of members 22a and 22b constituting the object 22 are different in size, they be can be held surely. Further, 
in the state that the holding jig 288 is mounted in the friction stir welding device 220, it is possible to position the object 
22 to the holding jig 228 and hold the object 22 by the holding jig 288. Further, the object 22 held by the holding jig 
228 is positioned so that the part to be welded 47 is arranged on the reference axis LI , thus the positioning operation 
of the object 22 can be performed easily. 
55 [0134] Further, the circumference of the part to be welded 47 of the object 22 is clamped by the clamping part 252, 
thus a gap can be prevented from being formed between the plurality of members 22a and 22b constituting the object 
22 and the part to be welded 47 of the object 22 can be made contact with the support body 250. Further, the constitution 
of the holding jig 228 is not limited to the constitution shown in Fig. 14 and any other constitution capable of holding 
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the object 22 is acceptable. 

[0135] Fig. 15 is a perspective view showing a holding jig 328 of anotlier example and Fig. 1 6 is a perspective view 
showing a clannping part 352 of the holding jig 328. 

[0136] The holding jig 328 is mounted on the opposing face 231 of the table 225. In the holding jig 328, positioning 
5 concavities 380 to be fit into the positioning convexities 233 of the base 23 are formed. The positioning concavities 
380 of the holding jig 328 are fit into the positioning convexities 233 of the base 23, thus the holding jig 328 is positioned. 
[0137] The holding jig 328 is mounted on the opposing face 231 and includes a support body 350 formed in a plate 
shape and clamping parts 352 having pressing parts 362 for pressing the object 22 in the other thickness direction A2 
of the support body 250. 

10 [0138] The face of the support body 350 on one side A1 in the thickness direction is a contact face 353 with which 
the object 22 makes contact. Further, the face of the support body 350 on the other side A2 in the thickness direction 
is an apparatus contact face 390 which makes contact with the opposing face 231 of the table 225. The positioning 
concavities 380 to be fit into the plurality of positioning convexities 233 formed in the table 255 are fomied in the support 
body 350. In the state that the object 22 is arranged on the support body 350, the positioning concavities 380 are 

15 formed so that the object 22 is positioned to the base 23. 

[0139] In the support body 350, a plurality of rail grooves 351 extending along the rail directions CI and C2 perpen- 
dicular to the thickness directions A1 and A2 are formed. The rail grooves 351 are open in one thickness direction A1 
and when the support body 350 is cut on the plane perpendicular to the rail directions C1 and C2, an area becoming 
smaller as extending in one thickness direction A1 is formed. 

20 [0140] For example, when cut on the plane perpendicular to the rail directions CI and C2, the rail grooves 351 are 
formed in an almost inverse T-shape. Concretely, in the rail grooves 351 , on the opening side, narrow areas 351 a are 
formed and on the other side A2 in the thickness direction from the narrow areas 351 a, wider areas 351b wider than 
the narrow areas 351 a are formed, 

[01 41 ] As shown in Fig. 1 6, each clamping part 352 includes the pressing part 362 for pressing the object 22, a screw 
25 rod 364 inserted into the pressing part 362, and a screwed part 363 spirally attached to the screw rod 364. The pressing 
part 362 has an insertion part 362a having a screw rod insertion hole into which the screw rod 364 is inserted, and a 
clamping part 362b projected perpendicularly to the axis of the insertion hole from the insertion part 362a. The screw 
rod 364 has a head 365 larger than the screw rod insertion hole formed at an end 364a thereof. Further, the screwed 
part 363 is screwed to another end 364b of the screw rod 364 and moves up and down. The screwed part 363 is fit 
30 into the wide area 351 a of the rail groove 351 . Further, the screw rod 364 is inserted into the pressing part 362, inserted 
into the narrow area 351 b of the rail groove 351 a, and is screwed to the screwed part 363. 

[0142] When the screw rod 364 rotates, the screwed part 363 approaches or separates from the head 363 of the 
screw rod 364. The screwed part 363 is fit into the rail groove 351 , so that it will not come out from the rail groove 351 , 
and the screw rod 364 rotates, thus the pressing part 362 approaches or separates from the support body 350. 

35 [0143] Fig. 17 is a perspective view showing the friction stir welding device 220 in the state that the holding jig 328 
is mounted and Fig. 1 8 is a sectional view viewed from the section line S-S shown in Fig. 1 7. In the state that the object 
22 is mounted on the support body 350, the plurality of clamping parts 352 are arranged on the peripheral part of the 
object 22. In each clamping part 352, the clamping part 362a of the pressing part 362 is fixed to the surface on one 
side A1 in the thickness direction of the object 22. 

40 [0144] When the screw rod 364 rotates in this state, the pressing part 362 moves toward the support body 350 and 
presses the object 22 to the support body 350. The object 22 is clamped, thus the object 22 is prevented from moving 
perpendicularly to the thickness directions A1 and A2, thereby can be held. Further, the shape of the pressing part 362 
can be changed according to the shape of the object 22, thus the object 22 can be suitably clamped. The object 22 is 
held by the holding jig 328 in the positioned state. By doing this, the part to be welded 47 of the object 22 is arranged 

45 on the reference axis LI . 

[0145] The holding jig 328 is prepared for every object 22 and it stands by in the state that it holds the object 22. An 
operator arranges the holding jig 328 holding the object 22 on the friction stir welding apparatus 320 and starts the 
welding operation. When the welding operation is completed, he removes the object 22 together with the holding jig 
328. By doing this, there is no need to directly position the object 22 on the base and the welding operation can be 

50 shortened. Further, the clamping part 352 slides along the rail groove 351 , thus even an object 22 different in size can 
be held by one holding jig 328. 

[0146] The friction stir welding device 220, when the holding jig 328 is positioned, can obtain the same effects as 
those when the holding jig 228 shown in Fig. 14 is positioned, and the operator does not need to hold the object 22, 
and the convenience can be enhanced. As mentioned above, a holding jig 228 according to the kind of the object 22 
55 may be prepared and a holding jig 328 for holding each object to be welded 22 may be installed. Further, when the 
object 22 is retained in the state that it is held by the holding jig 328, the positioning operation in the welding operation 
can be shortened and the time required for the welding operation can be shortened. 

[01 47] Fig. 1 9 is a perspective view showing still another holding jig 528. The holding jig 528 is temporarily fixed to 
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the object 22 at one or more positions. The holding jig 528 is fixed at the position facing on the welding position of the 
object 22 in contact with the object 22 fronn the opposite side of the tool holding jig 29. On the holding jig 528, a fitting 
part 529 fitting into the positioning means of the base 23 is fornned. For example, when the positioning means of the 
base 23 is pin holes formed in the table, the fitting part 529 has projections formed so as to be fit into the pin holes. 
5 [0148] The fitting part 529 of the holding jig 528 and the pin holes of the table are formed so that the object 22 can 
be positioned to the base 23 by fitting the fitting part 529 into the pin holes in the state that the holding jig 528 is 
temporarily fixed to the object 22. 

[0149] Using the friction stir welding device 220, the welding operation is performed in the state that the holding jig 
528 temporarily fixed to the object 22 is positioned on the table. The holding jig 528, at the position facing on the welding 

10 part, is fixed in contact with the object 22 from the opposite side of the tool holding jig 29. By doing this, when the 
welding operation is performed, the object 22 can be supported by the holding jig 528 from the opposite side of the 
welding tool 21 , and the object 22 is prevented from defonnation, thus the welding operation can be performed satis- 
factorily. Namely, the object to be welded 22 is positioned by the holding jig 528 and the same effects as those when 
the backing member 32 shown in Table 1 is used can be obtained. 

^5 [0150] Further, the shape of the fitting part 529 may be any other shapes which are positioned by the positioning 
means of the table. 

[0151] Further, when a face 530 of the holding jig 528 which makes contact with the object 22 is formed along the 
shape of the object 22, even if the object 22 has a curved surface or a three-dimensional surface, it can be supported 
satisfactorily. 

20 [0152] Further, also with respect to the other holding jigs 228 and 328 mentioned above, when the object 22 is 
supported at the position facing on the welding position in contact with the object 22 from the opposite side of the tool 
holding jig 29, the same effects as those when the backing member 32 is used can be obtained. 
[0153] Fig. 20 is a perspective view showing the friction stir welding apparatus 420 of a further embodiment of the 
present invention and Fig. 21 is a sectional view showing the enlarged neighborhood of the table of a friction stir welding 

25 apparatus 420. The constitution of the friction stir welding apparatus 420 is the same as that of the friction stir welding 
apparatus 20 shown in Fig. 1 except the head and table, and the same numerals are assigned and the explanation 
will be omitted for the same portions. 

[0154] The base 23 of the friction stir welding apparatus 420 includes a head 424 where the tool holding jig 29 for 
removably mounting the welding tool 21 is installed and a table 425 facing the head 424 at an interval. The table 425 

30 has an opposing face 431 which is perpendicular to the reference axis L1 and facing the tool holding jig 29. On the 
table 425, the columnar backing member 32 projecting from the opposing face 431 toward the tool holding jig 29 is 
installed. Furthermore, on the head 424 and the table 425, a holding means 428 for holding the object 22 is installed. 
[01 55] The holding means 428 includes a first clamping piece 450 and a second clamping piece 451 which cooper- 
atively clamp the object 22, a clamping piece movement driving means 452 for moving the first clamping piece 450, 

35 and a spring force generation means 453 for elastically supporting the second clamping piece 451 . 

[0156] The first clamping piece 450 is installed on the head 424 movably along the reference axis LI and is arranged 
in the peripheral direction of the tool holding jig 29. The clamping piece movement driving means 452 moves the first 
clamping piece 450 so as to displace relatively with respect to the tool holding jig 29 and the base 23 along the reference 
axis L1 . The clamping piece movement driving means 452 operates according to a signal given from the control means 

40 46. 

[0157] The second clamping piece 451 is installed on the table 425 movably along the reference axis LI and is 
arranged in the peripheral direction of the backing member 32. The second clamping piece 451 is projected toward 
the tool holding jig 29 over an end face 455 of the backing member 32 at the initial position in the no-load state when 
the object 22 is not arranged and is elastically supported by the spring force generation means 453. The spring force 

45 generation means 453 gives spring force for moving the second clamping piece 451 toward the tool holding jig 29 
along the reference axis L1 , and for example, it is realized by an air damper or a compression coil spring. Further, the 
first clamping piece 450 and the second clamping piece 451 are arranged in opposite positions and it is preferable to 
form them at a plurality of locations around the reference axis LI or to form them over a wide range. 
[01 58] According to this embodiment, the first clamping piece 450 is formed in a cylindrical shape so as to cover the 

50 tool holding jig 29 in the peripheral direction thereof. The first clamping piece 450 is arranged coaxially with the tool 
holding jig 29. The second clamping piece 451 is fomied in a cylindrical shape so as to cover the backing member 32 
in the peripheral direction thereof, The second clamping piece 451 is arranged coaxially with the tool holding jig 29, 
When the first and second clamping pieces 450 and 451 are cylindrical, the outer diameter D1 of the second clamping 
piece 451 Is larger than the Inner diameter D2 of the first clamping piece 450 and the inner diameter D3 of the second 

55 clamping piece 451 is smaller than the outer diameter D4 of the first clamping piece 450. 

[0159] Further, the shape of the first and second clamping pieces 450 and 451 is not limited to cylindrical and it may 
be hollow. 

[0160] The second clamping piece 451 , when force of pressing toward below the reference axis LI is applied against 
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the spring force of the spring force generation means 453, shifts in the pressing direction. An end face 454 of the 
shifting second clannping piece 451 on the tool holding jig side is arranged on the same level as that of the end face 
455 of the backing member 32 on the tool holding jig side or at a position where it is shifted more than the backing 
member 32. 

5 [0161] Figs. 22A, 22B, and 22C are sectional views showing the operation of the holding means 428. As shown in 
Fig. 22A, on the end face 454 of the second clamping piece 451 on the tool holding jig side, the object 22 is arranged. 
The object 22, in the state that the part to be welded 47 is positioned by an operator so as to be arranged on the 
reference axis LI , is arranged on the second clamping piece 451 . The second clamping piece 451 is arranged in the 
no-load state in the initial position when it is projected more than the backing member 32, so that the object 22 arranged 

10 on the second clamping piece 451 is arranged in the direction of the reference axis LI at an interval from the backing 
member 32. 

[0162] When the welding operation is started, the clamping piece driving means 452 receiving a signal from the 
control means 46 moves the first clamping piece 450 toward the backing member 32. The first clamping piece 450 
moves toward the backing member 32 along the reference axis LI , thereby makes contact with the object 22 arranged 

15 on the second clamping piece 451 . 

[01 63] The first clamping piece 450, in the state in contact with the object 22, additionally moves toward the backing 
member 32. The first clamping piece 450 moves against the spring force of the spring force generation means 453 for 
elastically supporting the second clamping piece 451 , Therefore, the object 22 moves toward the backing member 32 
in the state that it is clamped by the first clamping piece 450 and the second clamping piece 451 . 

20 [0164] As shown in Fig. 22B, in the state that the object 22 clamped and moving makes contact with the backing 
member 32, the clamping piece driving means 452 stops the movement of the first clamping piece 450. For example, 
when the control means 46 judges by a contact sensor that the object 22 makes contact with the backing member 32, 
it gives a signal to the clamping piece driving means 452 and stops the operation of the clamping piece driving means 
452. 

25 [0165] The first and second clamping pieces 450 and 451 cooperatively clamp and hold the object 22, prevent the 

object 22 from moving along the reference axially line LI , applying no excessive load causing deformation to the object 
22, thereby can support the object 22 by the backing member 32. 1 n the state that the object 22 is held free of deformation 
and supported by the backing member 32 like this, the welding operation shown in Fig. 5 is executed. By doing this, 
as shown in Fig. 22C, the welding tool 21 is buried in the object 22 and the friction stir welding operation is performed. 

30 [0166] The control means 46, upon receipt of a welding start instruction signal, gives the signal to the clamping piece 
movement driving means 452 and moves the first clamping piece 450 toward the backing member 32, The control 
means 46, on the basis of a load torque signal from the contact sensor or the clamping piece movement driving means 
452, judges whether the object 22 makes contact with the backing member 32 or not. And, when the control means 
46 judges that the object 22 makes contact with the backing member 32, it give a signal to the clamping piece movement 

35 driving means 452 and stops the movement of the first clamping piece 450. Further, when the control means 46 judges 
that the welding operation is completed, it gives a signal to the clamping piece movement driving means 452 and 
moves the first clamping piece 450 so as to separate from the backing member 32. 

[0167] Figs. 23A and 23B are sectional views showing holding means 500 of a comparison example different from 

the holding means 428 of this embodiment. The holding means 500 of the comparison example clamps and holds the 
40 object 22 without being supported elastically in the axial direction LI . By use of such a constitution, as shown in Fig. 
23A, when the object 22 is deformed, the holding means 500 cannot support the part to be welded 47 by the backing 
member 32 in the state that the object 22 is clamped. When the friction stir welding is executed in this state, the welding 
tool 21 makes contact with the tip of the object 22 in the state that it is not supported by the backing member 32. 
Therefore, as shown in Fig. 23B, there is the possibility that the part to be welded 47 may be deformed and the welding 
45 tool 21 may be buried in the object 22 more than a preset value and a problem arises that satisfactory welding cannot 
be executed. 

[0168] On the other hand, in this embodiment shown in Fig. 21, the apparatus is structured so that the second 
clamping piece 451 is projected from the end face 455 of the backing member 32 on the tool holding jig side toward 
the tool holding jig 29 and is moved elastically along the reference axis L1 and at the point of time when the object 22 
50 makes contact with the backing member 32 by the contact sensor, the movement of the first clamping piece 450 can 
be stopped, so that failures as shown in Figs. 23A and 23B will not be caused. 

[0169] Namely, in this embodiment shown in Fig. 21 , in the state that the object 22 is kept and held in the natural 
shape free of an excessive load causing deformation, the part to be welded 47 of the object 22 can be supported by 
the backing member 32. When the part to be welded 47 is supported by the backing member 32, the part 47 is prevented 
55 from deformation, and the welding tool 21 can be prevented from being buried in the object 22 by more than the preset 
value, thus satisfactory welding can be executed. Further, since the object 22 is held by the first and second clamping 
pieces 450 and 451 , the members 22a and 22b constituting the object 22 can be prevented from shifting during welding. 
[0170] Also in the friction stir welding apparatus 420 mentioned above, the same effects as those of the friction stir 
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welding apparatus 20 shown in Fig. 1 can be obtained. Furthernnore, the welding operation can be perfornned in the 
state that the object 22 is kept and held in the natural shape by the holding means 428. By doing this, the object 22 
can be prevented fronn defornnation and displacennent during welding, and the welding quality can be improved. 
[0171] Further, the welding operation can beperfonned in the state that the object 22 is clamped by the first clamping 

5 piece 450 and the second clamping piece 451 and, additionally is moved and supported by the backing member 32. 
By doing this, clamping of the object 22 and supporting of the part to be welded 47 can be realized simultaneously and 
the welding quality can be more improved. Further the first clamping piece 450 mal<es contact with and separates 
from the object 22 by the clamping piece movement driving means 452, thus the object 22 can be switched to the 
holding state or the release state, and the holding operation and release operation thereof can be easily performed. 

10 [01 72] Further, the part to be welded 47 and the welding tool 21 are covered by the first clamping piece 450 and the 
second clamping piece 451, so that during welding, the fluid object 22 can be prevented from scattering, and the 
operator can work safely. Even if the part to be welded 47 and the welding tool 21 are covered and the working state 
cannot be seen, the friction stir welding apparatus 420 can notify the operator of the working state since the end lamp 
42 and the error lamp 43 notify an operator of the end of the welding operation and an error 

f5 [0173] Further, when the parts of the first clamping piece 450 and the second clamping piece 451 which are opposite 
to each other are composed of a flexible and elastic material, even if a shape error of the object 22 is large, the object 
22 can be clamped closely and surely. Further, the first clamping piece 450 and the second clamping piece 451 may 
be structured so as to exchange the first clamping piece 450 and the second clamping piece 451 according to the 
shape of the object 22. Further, the first and second clamping pieces 450 and 451 do not need to be formed cylindrically 

20 and they may be in other shapes. 

[0174] Further, a spring force generation means for giving spring force for pressing the tool holding jig 29 and the 
first clamping piece 450 toward the backing member 32 can be installed. In this case, the first clamping piece 450 is 
arranged so that the end face 456 on the backing member side is projected toward the backing member 32 in the no- 
load state over the end of the tool holding jig 29. The spring force given to the first clamping piece 450 by the spring 

25 force generation means for the first clamping piece 450 is set larger than the spring force given to the second clamping 
piece 451 by the spring force generation means for the first clamping piece 451. The first clamping piece 450 is moved 
along the reference axis LI together with the tool holding jig 29 without rotating about the reference axis LI . By doing 
this, the part to be welded 47 of the object 22 makes contact with the backing member 32 in the state that the object 
22 is clamped and similarly to the aforementioned, the welding quality can be improved. 

30 [0175] The friction stir welding apparatuses 20, 120, 220, and 420 mentioned above are just examples of the present 
invention and the constitution can be changed within the range of the present invention. For example, the tool rotation 
driving means 34 and the tool movement driving means 35 may be installed at a position away from the base 23. 
Further, the reference axis L1 is described as it extends vertically. However, it may extend in any direction other than 
the vertical direction. Further, with respect to the tool movement driving means 35, the tool holding jig 29 may be moved 

35 along the reference axis L1 , or the head 24 where the tool holding jig 29 is installed may be structured movably and 
may be moved along the reference axis LI . 

[0176] Further, in the above description, regarding the positioning means for positioning the holding jigs 228 and 
238 and the table 225, the concavities 280 and 380 and the convexities 233 are installed respectively on the holding 

jigs 228 and 238 and the table 225. However, the relationship of concavities and convexities may be inverted. Namely, 
40 convexities may be formed in the holding jigs 228 and 328 and concavities may be formed in the table 225. Further, 
the concavities may be formed in a rail shape. 

[0177] Further, in the aforementioned embodiment, the tool holding jig 29, on which the welding tool 21 is mounted, 
is rotated and moved. However, as a deformed example, a constitution may be used that the friction stir welding ap- 
paratus shown in Fig. 1 or 1 3 is partially changed, and the tool holding jig 29, on which the welding tool 21 is mounted, 

45 is rotated, and the backing member 32 is moved along the reference axis LI instead of moving the tool holding jig 29. 
[0178] Namely, the friction stir welding apparatus in this example, as shown in Fig. 24 (and Fig. 1 ), includes the tool 
holding jig 29 mounted on the head 24, on which the welding tool 21 is rotatably installed so as to face the table 25, 
the tool rotation driving means 34 for rotating the tool holding means 29 about the rotation axis, the backing member 
32 which is installed on the table 25 so as to move in the movement direction to approach and separate from the tool 

50 holding jig 29, and a backing member movement driving means 35' for moving the backing member along the reference 
axis L1 . By use of such a constitution, there is no need to arrange the tool movement driving means 35 on the head 
side and the friction stir welding apparatus can be further miniaturized. 



55 Claims 

1 . A friction stir welding apparatus comprising: 
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a base fixed at a predetermine position; 

a tool holding jig to which a welding tool is mounted, said tool holding jig being installed on said base rotatably 
about a reference axis and movably along said reference axis; 

tool rotation driving means for rotating said tool holding jig about said reference axis; and 
tool movement driving means for moving said tool holding jig along said reference axis. 

A friction stir welding apparatus according to Claim 1 , further comprising positioning means, which is installed on 
said base, for positioning an object to be welded with respect to said reference axis. 

A friction stir welding apparatus according to Claim 2, wherein said positioning means positions holding means for 
holding said object to be welded with respect to said base. 

A friction stir welding apparatus according to Claim 1 , further comprising holding means, which is installed on said 
base, for holding an object to be welded. 

A friction stir welding apparatus according to Claim 3 or 4, wherein said holding means has a backing member for 
supporting a part of said object located on said reference axis from a side opposite to said welding tool. 

A friction stir welding apparatus according to Claim 5, wherein said holding means comprising: 

a first clamping piece installed movably along said reference axis with respect to said base and said tool 
holding jig; 

clamping piece movement driving means for moving said first clamping piece along said reference axis; 
a second clamping piece for holding said object cooperatively with said first clamping piece, said second 
clamping piece being installed so that said second clamping piece can move along said reference axis from 
a projection position projecting over said backing member and a retraction position retracting with respect to 
said backing member; and 

spring force generation means for giving spring force toward said projection position to said second clamping 
piece. 

A friction stir welding apparatus according to Claim 6, wherein: 

said first clamping piece is fomned so that a center axis thereof is coaxially with said reference axis; 
said second clamping piece is formed so that a center axis thereof is coaxially with said reference axis; and 
said object is clamped by an end face of said first clamping piece and an end face of said second clamping 
piece. 

A friction stir welding apparatus according to Claim 7, wherein said first clamping piece and said second clamping 
piece are formed in a cylindrical or hollow shape, respectively. 

A friction stir welding apparatus according to any one of Claims 5 to 8, wherein: 

said backing member is installed movably along said reference axis; and 

backing member movement driving means for moving said backing member along said reference axis is in- 
stalled in place of said tool movement driving means. 
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